W omen of childbearing age with migraine appear to be at higher risk of ischaemic stroke than non-migraineurs. This risk appears to be further increased by the coexistence of other established risk factors including hypertension, smoking, and oral contraception. [1] [2] [3] [4] [5] [6] Based on an estimated overall incidence of first time strokes of 5.5 per 100 000 women years 7 8 and an adjusted odds ratio for ischaemic stroke associated with migraine in the same population of 3.54 (95% confidence interval 1.30 to 9.61) a first stroke incidence in excess of 15 per 100 000 woman years would be expected among migraineurs. 6 The lifetime prevalence of migraine is estimated at 25-33%. 9 10 Compared with non-migraineurs, odds ratios for migraine with aura 11 have been reportedly greater than for migraine without aura in all three studies which have differentiated these two migraine types: 6.2 v 3.0, 3 5.2 v 1.5, 4 3.81 v 2.97 6 respectively. The different risks associated with migraine types reported in these studies may reflect variations in the criteria used to define migraine with aura, for instance whether aura was required to be present in some, a majority, or all attacks. It is unknown whether the risk estimates are affected by age or recency of onset, attack frequency, or recency of conversion from migraine without, to with, aura. Data to address some of these questions were available from the data collected in questionnaires used in a previously reported study. 6 
SUBJECTS AND METHODS
The WHO Collaborative Study of Cardiovascular Disease (CVD) and Steroid Hormone Contraception (SHC) was a hospital based case-control study designed to evaluate the association between current use of SHC and risk of CVD. 12 This report is based on the data collected on a subsample of those women recruited in the five European countries collaborating in the WHO Collaborative Study. Cases were women aged 20-44 years admitted to hospital with first time diagnosis of stroke between June 1990 and January 1993. Table 1 shows the characteristics of the European ischaemic stroke cases and their controls recruited in the WHO collaborative study and the subsample presented in this report. For each case, up to three controls matched by five year age band, hospital, and date of admission were identified and interviewed in hospital in a standard way with the same questionnaire. Women were excluded if they had: a transient ischaemic attack; died within 24 hours of admission; a history of stroke, natural or surgical menopause, pregnancy in the previous six weeks; or a recent history of surgery, trauma, or prolonged bed rest. Full details of the study procedures and methods have been published elsewhere. 7 8 12 13 Definition of migraine Information on the nature and frequency of past and current headaches, accompanying aura, family history of migraine, changes in the frequency and characteristics of headache associated with use of oral contraceptives (OC), and whether headache with migrainous features had occurred within three days prior to stroke were recorded.
The classification of migraine was derived from the International Headache Society's criteria. 11 Migraine without aura was defined as a self reported history of severe headache lasting for more than four hours but less than three days, which occurred on one or both sides of the head, and was associated with feeling sick, finding loud noises or bright lights unpleasant, or both. Migraine symptoms which had ever been accompanied by visual disturbance, abnormalities of speech, skin sensation, or muscle power were defined as migraine with aura. Migrainous stroke was defined as those Data were collected on initial migraine headaches based on the first ever headache with migrainous features and on recent migraine headaches based on the most recent or last migraine headaches experienced.
Statistical analysis
Interval since the first ever headache and duration of recent migraine attacks with aura were categorised into four levels: non-migraineurs, <48 months, 49-144 months, and >144 months. Change in frequency was classified among migraineurs as decrease, no change, and increase. Odds ratios (ORs) for ischaemic stroke associated with duration (months), change in frequency, age of onset, and frequency of migraine attacks were estimated by conditional logistic regression and adjusted for confounding variables including and excluding current OC use. Separate analyses were performed on data from all stroke cases and on those who had suffered a migrainous stroke. Data were analysed using SAS. 14 
RESULTS
The mean age of onset of migraine among all migraineurs was almost identical to that among those who suffered a migrainous stroke (23.4 and 23.6 years respectively). Compared with the 60 ischaemic stroke cases and 188 controls who were non-migraineurs, there was no consistent trend among all current migraineurs (26 cases and 26 controls) in the OR for ischaemic stroke associated with increasing interval since the initial onset of headaches (table  2) . Stroke risk was highest for those with migraine onset during the preceding four years (data not shown) and for those with longstanding migraine for more than 12 years. However, among those who had recently suffered migraine attacks with aura, the OR of ischaemic stroke was markedly increased among those who noted an onset of such attacks within the preceding four years (table 2) . However, the OR for ischaemic stroke was similar among those who suffered a migraine attack, including migrainous stroke within the past three months (18 cases and 19 controls: OR = 3.32, 95% CI: 1.11 to 9.91) and those migraineurs who had not (eight cases and seven controls: OR = 4.11, 95% CI: 0.97 to 17.4). A similar lack of effect of recency of attack was seen among migraineurs with aura (data not shown). Compared with non-migraineurs, the OR for ischaemic stroke among migraineurs was unaffected by the age of onset among all migraineurs (data not shown).
Of the 19 women who had suffered a migrainous stroke, compared to non-migraineurs, increasing ORs for ischaemic stroke were significantly associated (p = 0.03) with a change to increased frequency of headaches (table 3) . This change occurred on average nine months previously for cases and 51 months for controls. A similar pattern was apparent for migraineurs with aura (table 3) .
Among current migraineurs the OR for ischaemic stroke associated with the type of migraine initially suffered was smaller among those who initially suffered migraine without aura (2.21, 95% CI: 0.49 to 10.1) compared with those who initially suffered migraine with aura (8.37, 95% CI: 2.33 to 30.1), although this difference did not reach statistical significance. The frequency of recent migraine attacks among migraineurs with aura was not associated with increased ORs of an ischaemic stroke (data not shown). However, ORs among those who had initially suffered migraine with aura less frequently than 13 episodes per year was less (3.58, 95% CI: 0.86 to 14.8) than among those whose initial migraine with aura occurred at >13 episodes per year (10.4, 95% CI: 2.18 to 49.4; p = 0.003).
DISCUSSION
These data suggest that risk of ischaemic stroke is influenced by frequency, type, and pattern of migraine. Previous reports suggested that stroke risk was particularly increased by migraine with aura, 3 4 as did our main study, 6 from which the present analyses were derived. These further analyses strengthen the likelihood of a greater risk associated with migraine with aura by showing an increased risk among those whose initial migraine type was with aura and during the first four years of aura attacks. It remains unknown whether, despite conventional medical opinion, 15 16 migraine with aura has a different biological basis to migraine without aura. Furthermore, it is not established whether factors which might convert an individual's migraine type from without aura to with aura produce an increased risk of stroke. Population based Danish studies of 40 year old migraineurs classified 38% of migraineurs as having aura, and found only 4% had attacks without aura; on this basis the two types of migraine were regarded as distinct clinical entities. 17 A detailed Dutch population based study of migraine prevalence reported aura in 31% of female migraineurs, but it is unclear whether this represented a one year or lifetime prevalence of aura. 10 In our previously reported case-control study, 70% of migraineurs, diagnosed on the basis of a headache questionnaire, reported at least one attack accompanied by aura. 6 By contrast, in a population based study in which diagnosis of migraine was based on structured diagnostic interview and examination, 40% of migraineurs reported at least one attack accompanied by aura. 18 Our analyses have addressed a number of factors concerning the temporal relation between migraine and ischaemic stroke. Neither the age of onset of migraine, nor the presence of a migraine attack in the preceding three months, were independent predictors of stroke. Increased frequency of headaches, for the preceding nine months on average, was associated with increased stroke. However, onset of migraine during the preceding four years was associated with an increased risk of stroke, as was a migraine history lasting more than 12 years. These effects were more marked for migraine with aura than without aura, whether or not corrected for oral contraception usage.
Overall, those who reported that their initial migraine type was with aura, were approximately three times as likely to develop subsequent ischaemic stroke. Concern has been raised that an increased risk of stroke ensues when the use of oral contraception is associated with a change of migraine type to aura. 15 Previously we noted that introduction of oral contraception was six times as likely to convert migraine without aura into migraine with aura, than vice versa, an effect which was similar for stroke cases and their controls. 6 Hence no increase in stroke risk was apparent in association with oral contraceptive induced conversion to migraine with aura. In the current analyses, we observe a relation between increased frequency of migraine with aura during the months preceding ischaemic stroke, which was not substantially altered by adjustment for OC usage. However any conclusions must be tempered by the limitations imposed by the relatively small numbers included in these and contradictory analyses. 15 Nevertheless, considered overall, these data suggest that the biological determinants of initial migraine type may be as important in determining risk of an ischaemic stroke as any change in migraine type induced by oral contraception.
ACKNOWLEDGEMENT
We are grateful to Dr TMM Farley of WHO for advice on the manuscript and to the Reproductive Health and Research Programme of WHO and NIH for financially supporting the study. 
